Introduction {#S0001}
============

Since December 2019, an outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory coronavirus 2 (SARS-CoV-2) has been declared a global worldwide pandemic.[@CIT0001]

Up to now, no specific therapeutic agents or vaccines for COVID-19 are available. Several therapies, such as remdesivir and favipiravir, are under investigation, but the antiviral efficacy of these drugs is not yet known. The high ability of infection and limited treatment strategies caused one of the major characters of COVID-19, that is a rapid progression from sole pulmonary infection to multiple organ dysfunction (shock, acute respiratory distress syndrome \[ARDS\], cardiac injury, and acute kidney injury \[AKI\]), which manifest as extraordinary high mortality in such critically ill COVID-19 patients.

Several previous descriptive cohort studies have reported epidemiological, demographic, and clinical characteristics of COVID-19 patients, as well as severe cases.[@CIT0002],[@CIT0003] Though advanced age, dyspnea, anorexia, and underlying comorbidities are more common in critically ill patients,[@CIT0002],[@CIT0004] the risk factors contributing to the mortality of critically ill COVID-19 have not been fully identified.

In the present study, we present details of 59 critically ill patients with SARS-CoV-2 infection, admitted to the intensive care unit (ICU) of Caidian Branch of Tongji Hospital, and then identified prognostic factors for mortality of these critically ill patients. Those data may facilitate the screening of the most dangerous critically ill COVID-19 patients and set the priority of medical intervention to them.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

From February 2, 2020 to March 1, 2020, a total of 59 critically ill COVID-19 patients from the intensive care unit of Caidian Branch of Tongji Hospital were enrolled in this single-center and retrospective study. Caidian Branch of Tongji Hospital (also named Wuhan Sino-German Friendship Hospital) is designated as the hospital to diagnose and treat the COVID-19 patients in Wuhan City, China.

Laboratory confirmation of SARS-CoV-2 infection was performed on throat swab samples by using real-time PCR assay, as previously described.[@CIT0003],[@CIT0004] According to the WHO interim guidance and Diagnostic and Treatment Program of COVID-19 (Version 7.0) published by the National Health Commission of the People's Republic of China, all patients were diagnosed with severe pneumonia induced by SARS-CoV-2 infection who required mechanical ventilation, had inspiratory oxygen fraction (FiO₂) ≥60%, or had the shock or organ failure.[@CIT0004],[@CIT0006] The clinical outcomes were monitored up to March 8, 2020, the final date of follow-up. Informed Oral Consent was obtained from the patients, and written informed consent was waived due to the rapid emergence of the disease. This oral consent from the patients was acceptable and approved by the Institutional Review Board of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. This study was conducted after Institutional Review Board approval from the Hospital.

Data Collection {#S0002-S2002}
---------------

The data of epidemiological, clinical, laboratory, and radiological characteristics and treatment and outcomes were collected with data collection forms from electronic medical records. Initial investigations included a complete blood count, coagulation profile, and serum biochemical test (including renal and liver function, cardiac biomarkers). The serum levels of C-reactive protein (CRP), procalcitonin (PCT), ferritin, and cytokines of all patients were measured by clinical laboratory. Peripheral blood samples were collected from some patients and examined for lymphocyte subsets by flow cytometry. The immunoglobulin (Ig) M of influenza A and B, respiratory syncytial virus, adenovirus, parainfluenza virus, Legionella pneumophila, mycoplasma pneumoniae, and chlamydia pneumoniae were detected by chemiluminescence immunoassay. And immune-related factors (IgA, IgG, IgM, C3, and C4) were also measured. The Glasgow Coma Scale, Sequential Organ Failure Assessment (SOFA), and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores were determined on the day of ICU admission. The date of disease onset was defined as the day when the first symptom was noticed. The intervals of the time of onset of symptoms to confirmation of disease, to hospital admission, to ICU admission, to death were calculated.

The complications were also recorded. ARDS and shock were defined according to the above-mentioned guidances of WHO and Chinese government for COVID-19. AKI was defined based on the serum level of creatinine (Cr).[@CIT0007] Cardiac injury was confirmed if hypersensitive cardiac troponin I was above the 99th percentile upper reference limit or new abnormalities were shown in electrocardiography.[@CIT0003] The other complications included liver dysfunction, hyperglycemia, gastrointestinal hemorrhage, pneumothorax, urinary tract infection, bacteremia, and hospital-acquired pneumonia. The treatments were analyzed, such as high-flow nasal cannula, mechanical ventilation (MV), extracorporeal membrane oxygenation (ECMO), renal replacement therapy, vasoconstrictive agents, common antiviral agents (oseltamivir and arbidol and/or ribavirin), lopinavir/ritonavir, glucocorticoids, antibiotics, traditional Chinese medicines (Lianhua Qingwen granules and Xuebijing), immunoglobulin, interferon (IFN) α-2b, and the convalescent plasma.

Statistical Analysis {#S0002-S2003}
--------------------

Statistical analyses were performed with SAS statistical software (SAS Institute Inc., release 9.3, USA) and R version 3.6.2. The continuous variables were expressed as the mean±standard deviation (SD) or median (IQR), while categorical variables were expressed as frequency (proportions). Student's *t*-test and Wilcoxon rank-sum test were used for the comparison of quantitative data between survivors and non-survivors as appropriate; the Chi-square test and Fisher exact method were used for the comparison of qualitative data between survivors and non-survivors as appropriate. Crude hazard ratios (HR) and 95% confidence intervals (CIs) were calculated by using Cox survival analysis. The survival curves were compared by Log rank test. We conducted stratified analysis according to the interval from the onset of symptoms to hospital admission or age. Two-tailed *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

Presenting Characteristics {#S0003-S2001}
--------------------------

There were 59 patients admitted to the ICU from February 2, 2020 to March 1, 2020. All patients were residents of Wuhan, China. The mean age was 67.4±11.3 years, and 26 (44.1%) were older than 70 years. Most patients were male, with a male/female (M/F) ratio of 1.81. Forty-seven (79.7%) patients had underlying diseases, including hypertension (31, 52.5%), chronic cardiac disease (13, 22.0%), and diabetes (15, 25.4%). Compared with the survivors, non-survivors had more smoking history (22.0% vs 0.0%, *P*\<0.05). Baseline characteristics in the two groups are shown in [Table 1](#T0001){ref-type="table"}.Table 1Demographics and Baseline Characteristics of Critically Ill COVID-19 Pneumonia PatientsVariableTotal\
(n=59)Survivors\
(n=18)Non-Survivors\
(n=41)*P*-value**Age (years)**67.4±11.361.0±13.570.2±9.00.014 40--506 (10.2%)5 (27.8%)1 (2.3%) 50--6011 (18.6%)4 (22.2%)7 (17.1%) 60--7016 (27.1%)5 (27.8%)11 (25.0%) 70--8019(33.2%)2 (11.1%)17 (41.5%) 80--907 (11.9%)2 (11.1%)5 (11.4%) **\>70**26 (44.1%)4 (22.2%)25 (61.0%)0.006**Sex** Male38 (64.4%)12 (66.7%)26 (63.4%) Female21 (35.6%)6 (33.3%)15 (36.6%) M/F Ratio1.812.001.730.810**Underlying diseases** Hypertension31 (52.5%)12 (66.7%)19 (46.3%)0.150 Chronic cardiac disease13 (22.0%)3 (16.7%)10 (24.4%)0.735 Diabetes15 (25.4%)5(27.8%)10 (24.4%)0.758 Chronic pulmonary disease8 (13.6%)0 (0.0%)8 (19.5%)0.092 Smoking9 (15.3%)0 (0.0%)9 (22.0%)0.046 Chronic hepatic disease4 (6.78%)1 (5.6%)3 (7.3%)1.000 Malignancy3 (5.1%)0 (0.0%)3 (7.3%)0.546 Uremia6(10.2%)3 (16.7%)3 (7.3%)0.357**Onset of symptom to, days (IQR)** Confirmation of disease4.0 (1--7)1.5 (0--7)4.0 (2--7)0.138 Hospital admission12.0 (8--17)11.5 (8--15)14.0 (8--17)0.575 ICU admission16.0 (12--23)13.5 (8--20)16.0 (13--23)0.168 Death25.0 (19--32)[^2][^3]

The most common symptoms were fever (79.7%), cough (78.0%), dyspnea (55.9%), and chest tightness (52.5%). Less common symptoms were chilling, disorder of consciousness, hemoptysis, cyanosis, headache, myalgia, fatigue, anorexia, nausea/vomiting, and diarrhea. The median interval from onset of symptoms to confirmation of pneumonia was 4 days (IQR=1--7). The median duration from onset of symptoms to hospital admission was 12.0 days (IQR=8--17). The median duration from onset of symptoms to ICU admission was 16.0 days (IQR=13--23; [Figure 1](#F0001){ref-type="fig"}). Ground glass and consolidation areas were found in all patients' bilateral lungs. The detailed information is listed in [Table 2](#T0002){ref-type="table"}.Table 2Symptoms, Comorbidities, and Treatments of Critically Ill COVID-19 Pneumonia PatientsVariableTotal (n=59)Survivors (n=18)Non-Survivors (n=41)*P*-value**Symptoms** Body temperature (°C)38.2±1.0038.3±0.7838.1±1.080.476 Fever47 (79.7%)17 (94.4%)30 (73.2%)0.417 Dry cough46 (78.0%)16 (88.9%)30 (73.2%)0.307 Chilling7 (11.9%)1 (5.6%)6 (14.6%)0.422 Disorder of consciousness8 (13.8%)1 (5.6%)7 (17.5%)0.414 Dyspnea33 (55.9%)7 (38.9%)26 (63.4%)0.081 Hemoptysis4 (6.8%)0 (0.0%)4 (9.8%)0.302 Chest tightness31 (52.5%)12 (66.7%)19 (46.3%)0.150 Cyanosis3 (5.1%)0 (0.0%)3 (7.3%)0.546 Headache6 (10.2%)0 (0.0%)6 (14.6%)0.164 Myalgia10 (17.0%)1 (5.6%)9 (22.0%)0.154 Fatigue20 (33.9%)1 (5.6%)19 (46.3%)0.002 Anorexia11 (18.6%)2 (11.1%)9 (22.0%)0.476 Nausea/vomiting4 (6.8%)0 (0.0%)4 (9.8%)0.303 Diarrhea22 (37.3%)3 (16.7%)19 (46.3%)0.030**Complications** ARDS43 (72.9%)9 (50.0%)34 (82.9%)0.013 Shock1 (1.7%)0 (0.0%)1 (2.4%)1.000 AKI25 (42.4%)1 (5.6%)26 (58.5%)0.000 Cardiac injury38 (64.4%)6 (33.3%)32 (78.1%)0.001 Arrhythmia16 (27.1%)1 (5.6%)15 (36.6%)0.023 Liver dysfunction13 (22.0%)1 (5.6%)12 (29.3%)0.049 Hemoptysis1 (1.7%)0 (0.0%)1 (2.4%)1.000 Hyperglycemia34 (58.1%)9 (50.0%)25 (61.0%)0.432 Gastrointestinal hemorrhage5 (8.5%)1 (5.6%)4 (9.8%)1.000 Pneumothorax4 (6.8%)1 (5.6%)3 (7.3%)1.000 HAP8 (13.6%)1 (5.6%)7 (17.1%)0.413 Bacteremia3 (5.1%)1 (5.6%)2 (4.9%)1.000 Urinary tract infection10 (17.0%)2 (11.1%)8 (19.5%)0.708**Treatments** High flow nasal cannula45 (76.3%)16 (88.9%)29 (70.7%)0.189 Mechanical ventilation  Non-invasive43 (72.9%)8 (44.4%)35 (85.4%)0.003  Invasive37 (62.7%)3 (16.7%)34 (82.9%)0.000ECMO2 (3.4%)2 (11.1%)0 (0.0%)0.089Renal replacement therapy14 (23.7%)5 (27.8%)9 (22.0%)0.742Vasoconstrictive agents38 (65.5%)3 (16.7%)35 (87.5%)0.000Common antiviral agents52 (88.1%)16 (88.9%)36 (87.8%)1.000Lopinavir/ritonavir6 (10.2%)0 (0.0%)6 (14.6%)0.164Glucocorticoids48 (81.4%)12 (66.7%)36 (87.8%)0.074Antibiotics58 (98.3%)17 (94.4%)41 (100.0%)0.305Xuebijing8 (13.6%)4 (22.2%)4 (9.8%)0.232Immunoglobulin22 (37.3%)7 (38.9%)15 (36.6%)0.866IFN α-2b15 (25.4%)11 (61.1%)4 (9.76%)0.000Convalescent plasma1 (1.7%)1 (5.6%)0 (0.0%)0.305[^4][^5] Figure 1Timeline of critically ill patients with COVID-19 pneumonia after onset of illness. \* 34 (82.9%) non-survivors required invasive mechanical ventilation, and only three (16.7%) survivors required invasive mechanical ventilation.

Vital Signs and Laboratory Parameters in Critically Ill Patients with COVID-19 {#S0003-S2002}
------------------------------------------------------------------------------

The patients had normal mean arterial pressure and systolic blood pressure. On the day of ICU admission, APACHE II and SOFA scores were 15.3±6.4 and 7.2±8.5, respectively. The median of partial pressure of oxygen to fraction of inspired oxygen ratio was 163.1±142.7 mm Hg.

There are numerous laboratory abnormalities in critically ill patients. The patients had an elevated count of white blood cells (WBC) and neutrophil, lymphopenia, anemia, hypoalbuminema, high serum concentration of D-dimer, and lactate dehydrogenase ([Figure 2](#F0002){ref-type="fig"}). The patients also had prolonged prothrombin time (PT), higher levels of fibrinogen degradation product (FDP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, urea nitrogen, and blood glucose.Figure 2Differences of blood cell count in total patients, survivors, and non-survivors. (**A**) White blood cell (WBC count); (**B**) Neutrophil count; (**C**) Lymphocyte count; (**D**) Eosinophil count; (**E**) Platelet count. The solid lines with ▲ show the upper normal limit of each parameter, and the solid lines with ▼ show the lower normal limit of each parameter. Standard bars represent Mean±SEM.

The serum levels of CRP, PCT, erythrocyto sedimentation rate (ESR), and ferritin were increased in critically ill patients with COVID-19 pneumonia. We measured the concentrations of IgA, IgG, IgM, C3, and C4, which were at normal levels in most of the patients (data not shown). The data of flow cytometric analysis of lymphocyte subsets showed that the concentrations of CD3+CD19-T cells (consisting of CD4+T and CD8+T cells), and natural killer (NK) cells were all reduced in the critically ill, and the differences of total T cells and CD4+T cells between survivors and non-survivors were statistically significant (*P*\<0.05; [Figure 3](#F0003){ref-type="fig"}). Initial plasma interleukin (IL) 1β, IL2-R, IL6, IL8, IL10, and tumor necrosis factor (TNF)-α concentrations were higher in both survivors and non-survivors than in healthy adults ([Figure 4](#F0004){ref-type="fig"}). To confirm whether the patients had co-infection, we detected the common etiological factors of pneumonia. The data manifested that influenza A (9, 15.3%) was the predominant pathogen recovered, followed by adenovirus (1, 1.7%) and *Mycoplasma pneumoniae* (1, 1.7%). The data is shown in [Table 3](#T0003){ref-type="table"}.Table 3Vital Signs and Laboratory Parameters of the PatientsVariableNormal RangeTotal\
(n=59)Survivors\
(n=18)Non-Survivors\
(n=41)*P*-valueWBC count, ×10^9^/L3.5--9.510.0±5.68.2±5.910.8±5.30.097Neutrophil count, ×10^9^/L1.8--6.38.9±5.66.9±6.09.8±5.30.068Monocytes count, ×10^9^/L0.1--0.60.4±0.230.4±0.220.4±0.240.567Lymphocyte count, ×10^9^/L1.1--3.20.6±0.280.8±0.380.5±0.190.027Eosinophil count, ×10^9^/L0.02--0.520.03±0.080.07±0.120.01±0.040.078RBC count, ×10^12^/L4.3--5.84.0±0.73.9±0.84.1±0.70.186Hemoglobin, g/L130--175125.4±26.0117.2±33.0129.0±21.80.180Platelet count, ×10^9^/L125--350160.0±78.0192.2±85.5145.8±71.10.034PT, second11.5--14.516.3±3.715.3±1.516.7±4.30.068APTT, second29--4240.8±10.940.0±10.641.2±11.20.696D-dimer, μg/mL\<0.510.1±9.56.1±8.012.0±9.70.028FDP, μg/mL\<564.6±63.936.5±56.076.8±63.90.029Antithrombin, %80--12082.7±20.288.9±17.980.0±20.80.130ALT, U/L≤ 4143.6±86.733.7±20.347.9±103.30.401AST, U/L≤ 4073.9±195.636.4±20.790.4±233.20.149Total bilirubin, μmol/L≤ 2124.0±64.611.5±5.629.5±77.10.145Albumin, g/L35--5230.1±4.930.3±4.230.0±5.20.828Lactate dehydrogenase, U/L135--225616.3±433.1456.2±3112.0686.6±462.60.059Creatinine, μmol/L59--104158.2±206.4162.6±212.2156.2±206.40.915Urea nitrogen, mmol/L3.6--9.511.9±9.49.1±7.813.2±9.80.119Blood glucose, mmol/L4.11--6.059.6±5.19.2±5.09.8±5.30.721ESR, mm/H0--1542.3±32.845.2±31.641.2±33.50.685Procalcitonin, ng/mL\>23.2±11.93.48±13.13.07±11.40.903CRP, mg/L\>10110.9±81.6100.9±84.6115.3±80.90.537Ferritin, μg/L15--1502531.8±5315.21369.8±1138.23065.7±6331.40.123**Lymphocyte subpopulation** Total T cell, n/μL955--2860451.2±374.0754.0±405.3262.0±198.70.013 Total B cell, n/μL90--56099.2±89.2107.0±59.394.3±107.40.814 CD4+ T cell, n/μL550--1440324.7±240.3510.8±220.7208.4±175.80.019 CD8+ T cell, n/μL320--1250116.5±136.2224.2±170.749.1±40.70.083 NK cell, n/μL150--110061.2±72.088.2±77.844.4±67.70.306 Th/Ts0.71--2.784.01±2.262.69±1.144.83±2.450.098**Cytokines** Interleukin 1β, pg/mL\<55.94±7.586.6±10.55.7±5.90.747 Interleukin 2-R, U/mL223--7101475.3±989.01528.9±1233.01450.0±869.60.789 Interleukin 6, pg/mL\<7103.9±136.973.2±77.2118.5±156.30.165 Interleukin 8, pg/mL\<6264.1±86.833.6±36.578.5±99.60.021 Interleukin 10, pg/mL\<9.113.8±14.913.4±15.213.9±14.90.898 TNF-α, pg/mL\<8.113.9±10.014.2±10.213.7±10.00.863**Respiratory tract profile, IgM (±)**11 (+)3 (+)8 (+)1.000 Influenza A9 (+)2 (+)7 (+) Influenza B(-)(-)(-) RSV(-)(-)(-) Adenovirus1 (+)0 (+)1 (+) Parainfluenza virus(-)(-)(-) *Legionella pneumophila*(-)(-)(-) *Mycoplasma pneumoniae*1 (+)1 (+)0 (+) *Chlamydia pneumoniae*(-)(-)(-)Mean arterial pressure, mm Hg101.2±15.4102.8±84.6100.5±16.10.605Systolic blood\
pressure, mm Hg137.3±22.4140.5±19.8135.9±23.50.470APACHE IIs on day 115.3±6.410.6±4.517.4±6.00.000APACHE IIs\>1527 (45.8%)3 (16.8%)24 (58.5%)0.003SOFA score on day 17.2±8.53.4±3.38.9±9.50.002SOFA score\>436 (61.0%)5 (27.8%)31 (75.6%)0.001Ratio of PaO~2~ to FiO~2~,\
mm Hg163.1±142.7261.4±194.2120.3±85.90.010[^6][^7] Figure 3Differences of lymphocyte subsets in total patients, survivors, and non-survivors. (**A**) Total T cells; (**B**) Total B cells; (**C**) CD4+ T cells; (**D**) CD8+ T cells; (**E**) NK cells. The solid lines with ▼ show the lower normal limit of each parameter. Standard bars represent Mean±SEM.Figure 4Differences of concentrations of cytokines in total patients, survivors, and non-survivors. (**A**) Interleukin 1β; (**B**) Interleukin 2-R; (**C**) Interleukin 6; (**D**) Interleukin 8; (**E**) Interleukin 10; (**F**) tumor necrosis factor (TNF)-α. The solid lines with ▲ show the upper normal limit of each parameter. Standard bars represent Mean±SEM.

Treatments, Organ Dysfunction, and Outcomes {#S0003-S2003}
-------------------------------------------

In the series of critically ill patients, 45 (76.3%) were treated with high flow nasal cannula, 43 (72.9%) with non-invasive MV, 36 (61.0%) with invasive MV, two (3.4%) with extracorporeal membrane oxygenation (ECMO), 14 (23.7%) with renal replacement therapy, and 38 (65.5%) with vasoconstrictive agents. Fifty-eight (98.3%) patients were administered with empirical antibiotic treatment. Glucocorticoids were given to 48 (81.4%) patients, Xuebijing to eight (13.6%) patients, immunoglobulin to 22 (37.3%) patients, and interferon (IFN) α-2b to 15 (25.4%) patients. Fifty-two (88.1%) received oseltamivir or arbidol, and/or ribavirin, six (10.2%) patients received lopinavir/ritonavir. One patient treated with ECMO was intravenously infused with the convalescent plasma ([Table 2](#T0002){ref-type="table"}).

The comorbidities of the 59 patients are shown in [Table 2](#T0002){ref-type="table"}. As many as 91.5% of patients developed one or more comorbidities. The common complications were ARDS (43, 72.9%), AKI (25, 42.4%), cardiac injury (38, 64.4%), arrhythmia (16, 27.1%), and so on. Up to March 8, 41 (69.5%) had died, the median interval from onset of symptoms to death was 25.0 (IQR=19--32) days ([Table 2](#T0002){ref-type="table"}).

Prognostic-Related Factors of Critically Ill COVID-19 Pneumonia Patients {#S0003-S2004}
------------------------------------------------------------------------

[Tables 1](#T0001){ref-type="table"}--[3](#T0003){ref-type="table"} summarize the characteristics of patients. We found that more non-survival patients were of older age, had a smoking history, presented with fatigue and diarrhea, had several complications (including ADRS, AKI, cardiac injury, arrhythmia), received the approaches of MV, and had vasoconstrictive agents (*P*\<0.05). The non-survivors had neutrophilia, more severe lymphocytopenia and thrombocytopenia, elevated D-dimer and FDP levels as well as IL8, lower T cell count, CD4+ T cells, and higher APACHE II and SOFA scores (*P*\<0.05).

In single variant regression analysis, potential factors associated with death included age \>70 years (hazard ratio \[HR\]=2.76; 95% CI=1.45--5.23), fatigue (HR=2.73, 95% CI=1.45--5.14), lymphopenia (HR=0.16, 95% CI=0.03--0.81), and thrombocytopenia (HR=1.00, 95% CI=0.99--1.00), higher interleukin 8 (HR=1.01, 95% CI=1.00--1.01) and organ injuries (acute kidney injury \[HR=3.51, 95% CI=1.84--6.71\], cardiac injury \[HR=3.50, 95% CI=1.64--7.46\] and arrhythmia \[HR=3.45, 95% CI=1.79--6.66\]). However, being aged over 70 (HR=2.76, 95% CI=1.45--5.23), having arrhythmia (HR=4.760, 95% CI=1.59--14.25), and a SOFA score above 4 (HR=5.16, 95% CI=1.29--20.55) were identified as risk factors for mortality of patients in multi-variant regression analysis ([Table 4](#T0004){ref-type="table"}). The survival curves based on age, the time interval from the onset of symptoms to hospital admission, the complications, APACHE II, and SOFA score are shown in [Figure 5](#F0005){ref-type="fig"}.Table 4Risk Factors for Death of Critically Ill Patients with COVID-19 PneumoniaVariable*P*-valueCrude HR95% CI*P*-valueAdjusted HR95% CIAge \>70 years0.00192.7571.453--5.2310.02993.3231.124--9.823Fatigue0.00192.7271.447--5.1370.51841.3760.522--3.630Diarrhea0.34301.3460.728--2.489Smoking history0.23681.5680.744--3.306Lymphocyte count, ×10^9^/L0.02650.1600.032--0.8080.55340.4360.028--6.780Platelet count, ×10^9^/L0.04880.9950.991--1.0000.40980.9970.991--1.004D-dimer, μg/mL0.07591.0300.997--1.065FDP, μg/mL0.05231.0051.000--1.01Total T cell, n/μL0.09850.9970.993--1.001CD4+ T cell, n/μL0.14590.9960.991--1.001Interleukin 8, pg/mL0.00011.0071.004--1.0110.12611.0050.999--1.012Non-invasive MV0.04552.4291.018--5.7980.90710.9130.197--4.236Invasive MV0.00064.2301.856--9.6380.19910.3550.073--1.725Vasoconstrictive agents0.00025.9662.317--15.3660.36862.2090.392--12.434IFN α-2b0.00190.1940.069--0.5460.08500.2630.058--1.202ARDS0.09322.0170.889--4.576AKI0.00013.5121.839--6.7080.23851.8830.657--5.394Cardiac injury0.00123.4981.640--7.4620.92370.9430.286--3.107Arrhythmia0.00023.4521.790--6.6550.00534.7601.590--14.252Liver dysfunction0.12841.6930.859--3.336APACHE IIs\>150.00132.8591.508--5.4190.17310.4930.178--1.364SOFA score\>40.00073.5331.704--7.3240.02015.1561.294--20.548Ratio of PaO~2~ to FiO~2~0.02790.9970.993--1.0000.50940.9980.992--1.004[^8] Figure 5Log rank test depicted the survival curves. (**A**) The age of \>70 years or ≤70 years; (**B**) Time interval from the onset of symptoms to hospital admission (OSHA) \>10 days or ≤10 days; (**C**) With or without acute kidney injury; (**D**) With or without cardiac injury; (**E**) With or without arrhythmia; (**F**) APACHE score \>15 or ≤15; (**G**) SOFA score \>4 or ≤4.

Discussion {#S0004}
==========

In this study, we reported on 59 critically ill patients with COVID-19 pneumonia. Up to March 8, 2020, 41 (69.5%) patients had died and 18 (30.5%) were alive. Among them, 44 (71.0%) patients were complicated with ARDS, and 52 (83.9%) required mechanical ventilation. Our data showed that the patients aged \>70 years, with treatment delay, severe lymphopenia and thrombocytopenia, elevated interleukin 8, with acute kidney injury, cardiac injury, and arrhythmia, were at high risk of death. Among these factors, being aged over 70, arrhythmia, and a SOFA score above 4 were identified as independent risk factors for mortality of patients in multi-variant regression analysis.

Up to now, no specific therapeutic drug has been found. So the treatments of patients with SARS-CoV-2 infection are mainly symptomatic treatments. Lopinavir/ritonavir was shown to be effective against SARS-CoV-2 in patients and in tissue culture.[@CIT0008] Six (10.2%) patients in this study received lopinavir/ritonavir and died, probably because of the severe lung pathology of the patients.[@CIT0009] IFN α-2b has been used successfully as a primary treatment and prophylaxis in severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS).[@CIT0010] Our data demonstrated that IFN α-2b therapy might be an effective therapy for the critically ill COVID-19 patients. In this study there were 43 (72.9%) patients treated with non-invasive MV and 36 (61.0%) with invasive MV. Once the patients required the treatment with MV and/or vasoconstrictive agents, it reflected serious condition of patients, which predicted poor clinical outcomes of the patients. Convalescent plasma is a potential therapy for COVID-19.[@CIT0011] In this study, the treatment with convalescent plasma alleviated the severity of one patient with ECMO support, leading to the withdrawal of ECMO and intubation (data not shown).

As mentioned in previous studies, most patients (38, 64.4%) were men, with a M/F ratio of 1.80.[@CIT0002],[@CIT0004] Older age has been reported as an important independent predictor of mortality in SARS and MERS.[@CIT0012],[@CIT0013] Twenty-six (44.1%) patients were aged over 70 years, which was an independent risk factor for death (HR=3.323, 95% CI=1.124--9.823). Both SARS-CoV-2 and SARS-CoV spike proteins have a high degree of homology, whose spike proteins have strong binding affinity to human angiotensin-converting enzyme 2 (ACE2).[@CIT0014],[@CIT0015] ACE2 provides a pathway for SARS‐CoV‐2 to invade the body, increasing the chance of viral infection. The studies demonstrated that ACE2 expression is higher in young people than in elderly individuals and higher in females than in males.[@CIT0016],[@CIT0017] Moreover, ACE2 plays a protective role in acute lung injury and a lack of functional ACE2 in the lung might contribute to the pathogenesis of lung injury.[@CIT0018],[@CIT0019] These might illustrate partly that severely ill COVID‐19 patients were mostly elderly males. The manifestation of diarrhea was more frequent in the non-survivors (19, 46.3%) than survivors (3, 16.7%), though the difference was not statistically significant (*P*\>0.05). Diarrhea is a common symptom in coronavirus infections, presenting in 30% of patients with MERS and 10.6% of patients with SARS.[@CIT0020],[@CIT0021] Highest ACE2 mRNA expression levels were detected in the intestinal epithelium.[@CIT0018] So fecal--oral transmission might be an important pathway to spread the virus.

Cardiac complications are common in patients with pneumonia. SARS-CoV-2 could also cause myocardial injury, as assessed by increased troponin I level accompanying increased cardiovascular symptoms in COVID-19 patients.[@CIT0002],[@CIT0004] It is unclear whether cardiac injury is directly caused by viral infection or is secondary to hypoxia and systemic inflammation. The putative SARS-CoV-2 receptor, ACE2, is expressed in cardiomyocytes and mural cells, particularly pericytes, which is significantly elevated in cardiomyocytes of patients with heart disease.[@CIT0022] Cardiac arrhythmias were one of the possible SARS-CoV-2 manifestations, in which sinus tachycardia was with an overall incidence of 72%, and sinus bradycardia was with an overall incidence of 14.9%.[@CIT0023],[@CIT0024] In the setting of the 2012 MERS‐CoV syndrome, the occurrence rates of cardiac arrhythmias and hepatic dysfunction were about 15.7% and 31.4%, respectively.[@CIT0025] In this series of critically ill patients, we described that 38 (64.4%) patients presented with cardiac injury, and 16 (27.1%) patients presented with arrhythmia, both of which were higher in non-survivors (*P*\<0.0.5). And we further proved that arrhythmia was identified as an independent risk factor for mortality of critically ill patients with COVID-19 pneumonia. Moreover, we observed that no all patients with cardiac injury would develop cardiac arrhythmias, and vice versa.

APACHE II and SOFA score have been widely used to predict the outcome of the critically ill patients. These scores can be used to not only predict which patients are likely to develop sepsis but also to predict which patients can survive sepsis or not. And the early recognition of patients at risk of developing sepsis allows an appropriate approach that would be started in ICU admission and this may improve outcomes.[@CIT0026] Among them, SOFA score represents a simple and objective score for predicting sepsis and septic shock, and calculate both the number and the severity of organ dysfunction.[@CIT0027] The score has recently been validated in the prediction of short-term and long-term mortality of ICU patients.[@CIT0028] In the current study, we calculated the APACHE II and SOFA score at ICU admission. We demonstrated that both scores were significantly higher in non-survivors than survivors (*P*\<0.05). The data of multi-variant regression analysis showed that the SOFA score could be used as a risk stratification tool to predict the possible mortality of critically ill patients with SARS-CoV-2 infection.

This study had several limitations. First, this study had limited sample size, because only one hospital was included in this study. Second, it was a retrospective study. Not all patients were measured with all laboratory testing, especially the test of lymphocyte subsets. Their role in predicting death of the critically ill might be underestimated. Third, 37 (62.7%) patients did not receive the treatment in time, which might contribute to the poor clinical outcomes in some patients. A large-scale study of critically ill patients with COVID-19 pneumonia would be of benefit for the clinicians to identify the clinical characteristics and potential risk factors of the disease.

In conclusion, the mortality of critically ill COVID-19 pneumonia patients was high. Critically ill COVID-19 patients aged over 70, arrhythmia, and a SOFA score above 4 have a high risk of mortality, and need prior medical intervention.
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